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CROSS REFERENCE TO RELATEED APPLICATION 

[0001] The present application is a 35 U.S.C. §371 national phase conversion of 

PCT/JP2004/017145 filed November 18, 2004, which claims priority of Japanese 

application no. JP2004-039791 filed February 17, 2004, which are incorporated 

herein in their entirety. 

BACKGROUND OF THE INVENTION 

Technical Field 

[0002] The present invention relates to a voltage controlled oscillator configured to 
control oscillation frequency by applying a voltage signal and, more specifically, 
relates to a frequency spread voltage controlled oscillator configured to output an 
oscillation signal while changing the oscillation frequency within short periods of 
time. 

Related Art 

[0003] Nowadays, for digital signal transmission, parallel transmission and serial 
transmission are both used. However, for transmitting a large volume of signals at 
high speed, serial transmission is mainly used. To serially transmit a digital signal, 
clocking is required as a reference for the transmission. As the amount of 
information to be transmitted increases, the transmission rate increases and the clock 
frequency becomes high. As the clock frequency is increased, high frequency 
signals at relatively high levels are continuously transmitted in response to the clock 
frequency. A problem has arisen in that these signals negatively affect peripheral 
devices as noise (electro-magnetic interference) (hereinafter referred to as EMI). 
[0004] To solve this problem, various voltage controlled oscillators (VCOs) 
employing a spread spectrum method in which the clock frequency is changed over 
time and spread so as to prevent the noise being concentrated at a particular 
frequency has been discussed (for example, refer to Patent Documents 1 to 4). 

Patent Document 1 : Japanese Unexamined Patent Application Publication 
No. 9-98152 
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Patent Document 2: Japanese Unexamined Patent Application Publication 

No. 2003-101408 

Patent Document 3: Japanese Patent Application No. 2756739 

Patent Document 4: Japanese Examined Patent Application Publication No. 

8-10807). 

[0005] The above-described VCOs, however, have various shortcomings. As a 
method of controlling the oscillation frequency (oscillation frequency), the above- 
described voltage controlled oscillators employ a method of connecting a varactor 
diode (variable capacitance diode) to a resonator element included in an oscillator 
circuit and applying a variable voltage signal whose amplitude changes over time to 
the varactor diode. In general, a triangular wave signal is used for the voltage 
signal. 

[0006] The varactor diode has a characteristic as shown in Fig. 9. 

[0007] Fig. 9 illustrates the characteristic of the applied voltage with respect to the 

capacitance of the varactor diode. 

[0008] As shown in Fig. 9, the change rate of the capacitance of the varactor diode 
decreases as the voltage applied to the varactor diode increases, whereas the change 
rate of the capacitance of the varactor diode increases as the voltage applied to the 
varactor diode decreases. Consequently, when a triangular wave signal is applied, 
the change rate of the capacitance is lower in the sections of the triangular wave 
signal where the applied voltage is higher, that is, in the sections near the peaks of 
the triangular wave. 

[0009] Figs. 10(a) - 10(c) illustrate the changes over time of the signal applied to 
the varactor diode, the capacitance of the varactor diode, and the oscillation 
frequency of the voltage controlled oscillator including the varactor diode, wherein 
Fig. 10(a) illustrates the applied voltage, Fig. 10(b) illustrates the capacitance of the 
varactor diode, and Fig. 1 0(c) illustrates the oscillation frequency of the voltage 
controlled oscillator. This drawing illustrates the characteristic of a case in which 
the cathode of the varactor diode is connected to a resonator element and the anode 
is grounded. 
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[0010] As shown in Figs. 10(a)-(c), when a triangular wave signal is applied, the 
changes over time of the capacitance of the varactor diode and the oscillation 
frequency of the oscillator become gentle near one of the peaks of the triangular 
wave signal (for the capacitance, the peak on the high capacitance side and, for the 
oscillation frequency, the peak on the low frequency side) and become abrupt near 
the other peak (for the capacitance, the peak on the low capacitance side and, for the 
oscillation frequency, the peak on the high frequency side). 

[0011] Therefore, when a triangular wave signal is applied, in the sections where the 
change of the oscillation frequency is gentle, there is a problem in that the frequency 
spread effect (EMI noise reduction effect) is insufficient. 
SUMMARY OF THE INVENTION 

[0012] It would therefore be desirable to provide a voltage controlled oscillator that 
is capable of achieving sufficient frequency spread effect (EMI reduction effect) for 
reducing noise even when a triangular wave signal is applied. 
[0013] A voltage controlled oscillator according to one embodiment of the present 
invention may include: an oscillator circuit configured to generate a predetermined 
oscillation frequency signal, the oscillator circuit including a resonator element; and 
an oscillation frequency controller circuit configured to control the oscillation 
frequency of the oscillator circuit by a control voltage signal. The oscillation 
frequency controller circuit may include: a first series circuit disposed between one 
end of the resonator element and a fixed potential, the first series circuit being 
constituted of a first varactor diode and a second varactor diode connected in series 
in this order from the resonator element side for carrying an alternating current; and 
a second series circuit disposed between an input terminal of the control voltage 
signal and the fixed potential, the second series circuit being constituted of a zener 
diode and a resistor element connected in series in this order from the input terminal 
side. A terminal of the first varactor diode on the resonator element side and a 
terminal of the zener diode on the input terminal side may be connected for carrying 
a direct current. A terminal of the second varactor diode on the first varactor diode 
side and a terminal of the resistor element on the zener diode side may be connected 
for carrying a direct current. 
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[0014] According to this configuration, the following operations can be carried out. 

(1) In sections where the amplitude (voltage) of the applied control voltage 
signal is low, the zener diode is not conductive. Therefore, a voltage is not applied 
to the resistor element, and zero voltage is applied to the second varactor diode. The 
second varactor diode functions as a capacitor having capacitance corresponding to 
the applied zero voltage. 

[0015] On the other hand, since the control voltage signal is applied to the first 
varactor diode, the first varactor diode functions as a capacitor in which the 
capacitance changes in correspondence to the applied voltage. In accordance with 
the change in capacitance of the first varactor diode, the combined capacitance of 
the series circuit of the first varactor diode and the second varactor diode changes. 
Since the series circuit is connected between one end of the resonator element of the 
oscillator circuit and a fixed potential in respect to an alternating current, the 
oscillation frequency of the oscillator circuit changes according to the change in the 
capacitance of the series circuit. Here, as described above, since the change in 
capacitance according to a change in voltage is not gentle in the low voltage sections 
of the control voltage signal, the change in the oscillation frequency does not 
become gentle, so that the frequency of the noise is spread out. 

(2) On the other hand, in the sections where the amplitude (voltage) of the 
applied control voltage signal is high, the zener diode functions as a constant voltage 
element through break down. Consequently, a differential voltage is obtained by 
subtracting the break down voltage of the zener diode from the voltage of the control 
voltage signal to the resistor element, and this differential voltage is also applied to 
the second varactor diode. In this way, the second varactor diode functions as a 
capacitor whose capacitance changes in accordance with the applied voltage. 
According to the change in the capacitance of the second varactor diode, the 
combined capacitance of the series circuit of the first varactor circuit and the second 
varactor circuit changes. According to the change in the capacitance of the series 
circuit, the oscillation frequency of the oscillator circuit changes. Here, a low 
voltage obtained by subtracting the break down voltage of the zener diode from the 
voltage of the control voltage signal is applied to the second varactor diode. 
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Therefore, the change in the capacitance of the series circuit due to the voltage 
change in the control voltage signal and the change in the oscillation frequency do 
not become gentle, so that the frequency of noise is spread out. 
[0016] The foregoing describes an example of a basic circuit configuration 
according to an embodiment of the present invention. 

[0017] In the voltage controlled oscillator according to this embodiment of the 
present invention, the terminal of the first varactor diode on the second varactor side 
is connected to the fixed potential and carries direct current. 
[0018] According to this configuration, a specific circuit illustrated in Fig. 1 
corresponding to the above-described basic circuit configuration is provided, and the 
following operations are carried out (refer to Fig. 1). 

(3) In the sections where the amplitude (voltage) of the triangular wave signal 
that is the control voltage signal is low, the first varactor diode and the second 
varactor diode both operate in the same manner as the above-described case (1). 
Therefore, the change in the oscillation frequency does not become gentle, and the 
frequency of noise is spread out. 

(4) In the sections where the amplitude (voltage) of the triangular wave signal 
exceeds the break down voltage of the zener diode, the zener diode becomes 
conductive, and the triangular wave signal is applied to the resistor element 
connected in series with the zener diode. Consequently, a voltage obtained by 
subtracting the break down voltage from the voltage of the triangular wave signal is 
applied to the second varactor diode. The capacitance of the second varactor diode 
changes according to this voltage. At this time, this voltage applied to the second 
varactor diode is a low voltage obtained by subtracting the break down voltage from 
the voltage of the original triangular wave signal. Accordingly, the change in the 
capacitance of the second varactor diode does not become gentle. 

[0019] On the other hand, by connecting (for example, grounding) the terminal of 
the first varactor diode on the second varactor side to the fixed potential with respect 
to direct currents, the triangular wave signal is applied also to the first varactor 
diode. In this case, since a high voltage at near the peak of the triangular wave 
signal is applied to the first varactor diode, the change in the capacitance is gentle. 
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[0020] In this way, the change in the capacitance of the second varactor diode, 
together with the change in the capacitance of the first varactor diode, causes the 
combined capacitance to change abruptly in accordance with the change in voltage 
even in sections where the voltage is high near the peaks of the triangular wage 
signal. Accordingly, the oscillation frequency of the oscillator circuit changes 
abruptly, and the frequency of noise is spread out. 

[0021] According to another embodiment of the present invention, the terminal of 
the first varactor diode on the second varactor diode side is connected to the terminal 
of the zener diode on the resistor element side with respect to direct currents. 
[0022] According to this configuration, a specific circuit illustrated in Fig. 5 
corresponding to the above-described basic circuit configuration is configured, and 
the following operations can be carried out (refer to Fig. 5). 

(5) In the sections where the amplitude (voltage) of the triangular wave signal 
is low, the first varactor diode and the second varactor diode both operate in the 
same manner as the above-described case (1). Therefore, the change in the 
oscillation frequency does not become gentle, and the frequency of noise is spread 
out. 

(6) In the sections where the amplitude (voltage) of the triangular wave signal 
exceeds the break down voltage of the zener diode, the second varactor diode 
operates in the same manner as the above-described case (4). On the other hand, by 
connecting the second varactor diode side of the first varactor diode to the resistor 
element side of the zener diode, a voltage corresponding to the decrease in the 
voltage of the resistor element is constantly applied to the second varactor diode side 
of the first varactor diode. In other words, since the zener diode functions as a 
constant voltage element when a voltage exceeding the break down voltage is 
applied, even when the voltage of the triangular wave signal changes, only a voltage 
equivalent to the break down voltage of the zener diode is applied to the first 
varactor diode. Therefore, the capacitance of the first varactor diode substantially 
does not change. However, since the change of the second varactor diode is abrupt, 
the combined capacitance of the capacitance of the first varactor diode and the 
capacitance of the second varactor diode does not change gently with respect to the 
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change of the voltage. Accordingly, the change of the oscillation frequency of the 
voltage controlled oscillator does not become gentle, and the frequency of noise is 
relatively spread out. Since this circuit (Fig. 5) has a relatively small number of 
components compared with the above-described circuit (Fig. 1), the size of the 
circuit is reduced. 

[0023] Thus, the disclosed embodiments of the present invention provide a voltage 
controlled oscillator that is capable of spreading out the frequency of noise by 
abruptly changing the oscillation frequency in accordance with the applied voltage 
value, without depending on the amplitude (voltage) of the control voltage signal. 
In other words, a voltage controlled oscillator having an excellent EMI reduction 
effect can be configured, and such a voltage controlled oscillator having such an 
excellent EMI reduction effect can be configured with a simple and small structure. 
[0024] Other features and advantages of the present invention will become apparent 
from the following description of embodiments of invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Fig. 1 is an equivalent circuit diagram illustrating a voltage controlled 
oscillator according to a first embodiment. 

[0026] Figs. 2(a)-(c) are waveform diagrams illustrating a signal (VtO) output from a 
triangular wave generator circuit 3, a voltage (VVD1) applied to a first varactor 
diode VD1, and a voltage (VVD2) applied to a second varactor diode VD2. 
[0027] Figs. 3(a)-3(d) are characteristic diagrams illustrating the capacitance-to- 
applied voltage characteristic of a varactor diode, a diagram illustrating the change 
over time of capacitance CVD1 of the first varactor diode VD1, a diagram 
illustrating the change over time of capacitance CVD2 of the second varactor diode 
VD2, and a diagram illustrating the change over time of combined capacitance CVD 
of the first varactor diode VD1 and the second varactor diode VD2. 
[0028] Fig. 4 illustrates the change over time of the frequency of an output signal of 
the voltage controlled oscillator according to the first embodiment. 
[0029] Fig. 5 is an equivalent circuit diagram illustrating a voltage controlled 
oscillator according to a second embodiment. 
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[0030] Fig. 6 is an equivalent circuit diagram illustrating a voltage controlled 
oscillator according to a third embodiment. 

[0031] Figs. 7(a) and 7(b) respectively illustrate the change over time of the 
frequency of an output signal of the voltage controlled oscillator according to the 
third embodiment and the change over time of the frequency of an output signal of a 
known voltage controlled oscillator. 

[0032] Fig. 8 is an equivalent circuit diagram illustrating a voltage controlled 
oscillator according to a fourth embodiment. 

[0033] Fig. 9 illustrates the capacitance-to-applied voltage characteristic of a 
varactor diode. 

[0034] Fig. 10 illustrates the change over time of a signal applied to the varactor 

diode, the capacitance of the varactor diode, and the frequency of an output signal of 

the voltage controlled oscillator including the varactor diode. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0035] A voltage controlled oscillator according to a first embodiment of the present 

invention will be described with reference to Figs. 1 to 4. 

[0036] Fig. 1 illustrates an equivalent circuit diagram of the voltage controlled 

oscillator according to this embodiment. 

[0037] As shown in Fig. 1, the voltage controlled oscillator includes a oscillator 
circuit 2 having a resonator element XD and a oscillation frequency controller 
circuit 1 connected to one end of the resonator element XD. 
[0038] The oscillation frequency controller circuit 1 is connected to a triangular 
wave generator circuit 3 that is configured to generate a triangular wave voltage 
signal obtained by changing the voltage value over time via a resistor element Rl. 
This triangular wave voltage signal is referred to as a "control voltage signal" 
according to the present invention. 

[0039] The cathode of a zener diode ZD1 is connected to the node of the resistor 
element Rl and the oscillation frequency controller circuit 1, i.e., the input terminal 
of the oscillation frequency controller circuit 1, whereas the anode of the zener diode 
ZD1 is grounded via a resistor element R2. The cathode of the zener diode ZD1 is 
connected to the cathode of a first varactor diode VD1 via an inductor RFC1. The 
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anode of the first varactor diode VD1 is connected to the cathode of a second 
varactor diode VD2 via a high-frequency bypass capacitor C2. The anode of the 
second varactor diode VD2 is grounded. The cathode of the first varactor diode 
VD1 is connected to the resonator element XD of the oscillator circuit 2 via a 
capacitor CI. Accordingly, a series circuit including the first varactor diode VD1, 
the high- frequency bypass capacitor C2, and the second varactor diode VD2 are 
connected in series to the resonator element XD with respect to high frequencies 
(alternating currents). The anode of the first varactor diode VD1 is grounded via an 
inductor RFC3. The cathode of the second varactor diode VD2 is connected to the 
resistor element R2 via an inductor RFC2. 

[0040] In this way, in the oscillation frequency controller circuit 1 according to this 
embodiment, a series circuit 1 1 connecting the first varactor diode VD1 and the 
second varactor diode VD2 with respect to alternating currents is connected between 
one end of the resonator element XD and the ground, and a series circuit 12 of the 
zener diode ZD1 and the resistor element R2 is connected between the input 
terminal of the oscillation frequency controller circuit 1 and the ground. The 
cathode of the first varactor diode VD1 and the cathode of the zener diode ZD1 are 
connected, and the resistor element R2 and the second varactor diode VD2 are 
connected in parallel with respect to direct currents. Here, the series circuit 1 1 
including the first and second varactor diodes VD1 and VD2 is a "first series circuit" 
in this embodiment of the present invention, and the series circuit 12 including the 
zener diode ZD1 and the resistor element R2 is a " second series circuit" in this 
embodiment of the present invention. 

[0041] Here, the inductance values of the inductors RFC1 to RFC3 are set so that 
the inductors RFC1 to RFC3 have relatively low impedance for the frequency of a 
triangular wave signal and have extremely high impedance for the oscillation 
frequency. In this way, the oscillation frequency signal generated at the oscillator 
circuit 2 is not transmitted to the triangular wave generator circuit 3 side nor the 
resistor element R2 side. The first varactor diode VD1 is grounded with respect to 
direct currents. According to this embodiment, this ground is equivalent to a "fixed 
potential" according to the present invention. 
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[0042] A circuit including the first and second varactor diodes VD1 and VD2, the 
zener diode ZD1, the resistor element R2, the high-frequency bypass capacitor C2, 
and the inductors RFC1 to RFC3 constitute the oscillation frequency controller 
circuit 1. 

[0043] As described above, one end of the resonator element XD of the oscillator 
circuit 2 is connected to the series circuit 1 1 including the first varactor diode VD1 
and the second varactor diode VD2 of the oscillation frequency controller circuit 1 
via the capacitor CI with respect to high frequencies (alternating currents), whereas 
the other end of the resonator element XD is connected to the base of a transistor Tr 
having negative resistance at frequencies near the oscillation frequency. Here, as the 
resonator element XD, for example, a piezoelectric transducer or a quartz transducer 
is used. The base of the transistor Tr is connected to an input terminal of a driving 
voltage Vcc via a resistor element Rl 1 and is grounded via a resistor element R12. 
A capacitor CI 1 for feedback is connected between the base and the emitter of the 
transistor Tr. The emitter of the transistor Tr is grounded via both a resistor element 
R13 and a capacitor C12 and is connected to a signal output terminal OUT. The 
collector of the transistor Tr is connected to the input terminal of the driving voltage 
Vcc. The input terminal of the driving voltage Vcc is grounded via a capacitor CI 3 
with respect to high frequencies. A circuit including the resonator element XD, the 
transistor Tr, the resistor elements Rl 1 to R13, and capacitors CI 1 to CI 3 
constitutes the oscillator circuit 2. 

[0044] The oscillator circuit 2 having such a structure functions as a Colpitts 
oscillator circuit using the transistor Tr having a negative resistance characteristic. 
The oscillation frequency of the oscillator circuit 2 changes in accordance with the 
capacitance of the first and second varactor diodes VD1 and VD2 of the oscillation 
frequency controller circuit 1. Since the first and second varactor diodes VD1 and 
VD2 are elements whose capacitance change according to the applied voltage 
values, by changing the applied voltage value to the first and second varactor diodes 
VD1 and VD2, the oscillation frequency is controlled. In other words, a voltage 
controlled oscillator capable of controlling frequency with voltage is constructed. 
[0045] The operation of a voltage controlled oscillator having such a structure will 
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be described with reference to Figs. 2 to 4. Fig. 2(a) is a waveform diagram of a 
signal (VtO) output from the triangular wave generator circuit 3; Fig. 2(b) is a 
waveform diagram of a voltage (VVD1) applied to the first varactor diode VD1; and 
Fig. 2(c) is a waveform diagram of a voltage (VVD2) applied to the second varactor 
diode VD2. Fig. 3(a) is a characteristic diagram illustrating the capacitance-to- 
applied voltage characteristic of a varactor diode; Fig. 3(b) illustrates the change 
over time in capacitance CVD1 of the first varactor diode VD1 when the triangular 
wave signal illustrated in Fig. 2(a) is applied; Fig. 3(c) illustrates the change over 
time in capacitance CVD2 of the second varactor diode VD2; and Fig. 3(d) 
illustrates the change over time in combined capacitance CVD of the first varactor 
diode VD1 and the second varactor diode VD2. 

[0046] Fig. 4 illustrates the oscillation frequency of the voltage controlled oscillator, 
i.e., the change over time in frequency of an output signal. 

[0047] When the triangular wave voltage signal (hereinafter simply referred to as a 
"triangular wave signal") illustrated in Fig. 2(a) is output from the triangular wave 
generator circuit 3, the triangular wave signal is applied to the cathodes of the zener 
diode ZD1 and the first varactor diode VD1 . The zener diode ZD1 used here breaks 
down when a voltage lower than the peak-to-peak value of the triangular wave 
signal is applied in the inverse direction (from the cathode side to the anode side). 
According to this embodiment, a zener diode whose break down voltage Vz is 
substantially 1.4 V may be used as the zener diode ZD1. Therefore, in the sections 
where the voltage value (amplitude) of the triangular wave signal is smaller than the 
break down voltage Vz, the zener diode ZD1 is in an open state. Since the anode of 
the first varactor diode VD1 is grounded via the inductor RFC3, the triangular wave 
signal is applied to the first varactor diode VD1 . Since the high-frequency bypass 
capacitor C2 is connected between the first varactor diode VD1 and the second 
varactor diode VD2, the triangular wave signal is not applied to the second varactor 
diode VD2 and the resistor element R2. In this way, in the sections where the 
voltage of the triangular wave signal is low, i.e., the sections where the voltage of 
the triangular wave signal is lower than the break down voltage of the zener diode 
(sections a in Fig. 2(c)), the triangular wave signal is applied substantially only to 
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the first varactor diode VD1. 

[0048] When the voltage value (amplitude) of the triangular wave signal exceeds the 
break down voltage Vz (sections P in Fig. 2(c)), the zener diode ZD1 functions as a 
constant voltage element. Therefore, a voltage obtained by subtracting the break 
down voltage Vz of the zener diode ZD1 from the voltage value of the triangular 
wave signal is applied to the resistor element R2. In this way, a voltage signal is 
applied to the second varactor diode VD2 in the same manner as the resistor element 
R2. At this time, the triangular wave signal is applied to the first varactor diode 
VD1 in the same manner as in the case of the low voltage, described above. 
[0049] By employing such a circuit configuration, the triangular wave signal 
continues to be applied, without any substantial changes, to the first varactor diode 
VD1, without depending on the voltage value (amplitude) of the triangular wave 
signal (refer to Fig. 2(b)). A voltage obtained by subtracting the break down voltage 
from the triangular wave signal is applied to the second varactor diode VD2 in the 
sections where the voltage value of the triangular wave signal is greater than a 
predetermined voltage value, or, more specifically, sections where the voltage value 
of the triangular wave signal is greater than the break down voltage Vz of the zener 
diode ZD1 (refer to Fig. 2(c)). 

[0050] When the voltage signal shown in Fig. 2(b) is applied to the first varactor 
diode VD1, the capacitance of the first varactor diode VD1 changes as illustrated in 
Fig. 3(b). More specifically, in the sections where the applied voltage is small, the 
capacitance changes abruptly in accordance with the voltage value, whereas in the 
sections where the applied voltage is great, the capacitance changes gently. This is 
because the first and second varactor diodes VD1 and VD2 have the characteristic 
shown in Fig. 3(a). As shown in the drawing, the capacitance of the first and second 
varactor diodes VD1 and VD2 changes abruptly when the applied voltage is a 
negative voltage (i.e., when the potential of the anode is greater than the potential of 
the cathode), a zero voltage, or a positive but low voltage (i.e., when the potential of 
the cathode is greater than the potential of the anode), whereas the capacitance 
changes gently when the applied voltage is a positive and high voltage. 
[0051] On the other hand, the capacitance of the second varactor diode VD2 
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changes as shown in Fig. 3(c). More specifically, in the sections where the voltage 
of the triangular wave signal is low, the capacitance corresponds to zero voltage 
since a voltage is not applied, and, when the voltage of the triangular wave signal 
exceeds the break down voltage Vz of the zener diode ZD1, the capacitance changes 
abruptly in accordance with the applied voltage. This is because, even when the 
voltage of the triangular wave signal is high, a low voltage obtained by subtracting 
the break down voltage Vz of the zener diode ZD1 from the voltage of the triangular 
wave signal is applied to the second varactor diode VD2. 

[0052] As the values of the capacitance of the first and second varactor diodes VD1 
and VD2 change as described above, the combined capacitance of the series circuit 
1 1 changes as shown in Fig. 3(d). The combined capacitance changes in such 
manner because, in the sections where the triangular wave signal is low, the 
capacitance of the second varactor diode VD2 remains high and does not change and 
the capacitance of the first varactor diode VD1 changes abruptly. In the sections the 
triangular wave signal is high, the capacitance of the first varactor diode VD1 
continues to change gently and the capacitance of the second varactor diode changes 
abruptly. 

[0053] By employing such a structure, the capacitance of the series circuit 1 1 of the 
first and second varactor diodes VD1 and VD2 can be changed abruptly near the 
peaks of the triangular wave signal, without depending on the voltage of the 
triangular wave signal. In this way, the oscillation frequency of the oscillator circuit 
2 can be changed abruptly, as shown in Fig. 4. As a result, the frequencies of the 
signal output from the voltage controlled oscillator can be spread out, and the 
frequencies of noise can be spread out. In other words, a voltage controlled 
oscillator having an excellent EMI suppression effect can be configured. 
[0054] Next, a voltage controlled oscillator according to a second embodiment will 
be described with reference to Fig. 5. 

[0055] Fig. 5 is an equivalent circuit diagram of the voltage controlled oscillator 
according to this embodiment. 

[0056] The voltage controlled oscillator illustrated in Fig. 5 has the same structure 
as that according to the first embodiment except that the series circuit 1 1 of the 
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voltage controlled oscillator according to the first embodiment is replaced with a 
series circuit IT that includes a first varactor diode VD1 and a second varactor diode 
VD2 connected in series, without a high-frequency bypass capacitor being provided 
and without the node being grounded via an inductor. In other words, the voltage 
controlled oscillator according to this embodiment (Fig. 5) is the same as the voltage 
controlled oscillator according to the first embodiment (Fig. 1) except that the high- 
frequency bypass capacitor C2 and the inductor RFC3 are omitted. 
[0057] For the voltage controlled oscillator having the above-described structure, 
when the voltage output from the triangular wave generator circuit 3 is smaller than 
the break down voltage Vz of the zener diode ZD1, the voltage is applied only to the 
first varactor diode VD1, in the same manner as the above-described first 
embodiment. The capacitance of the first varactor diode VD1 changes in 
accordance with the applied voltage. Since almost no voltage is applied to the 
second varactor diode VD2, the capacitance corresponds to a zero voltage. Next, 
when the voltage output from the triangular wave generator circuit 3 exceeds the 
break down voltage Vz of the zener diode ZD1, the zener diode ZD1 functions as a 
constant voltage element having a voltage value Vz. This constant voltage value Vz 
is applied to the first varactor diode VD1, and substantially no changes occur. 
Therefore, the capacitance of the first varactor diode VD1 becomes substantially 
constant in accordance with the voltage value Vz. Since a voltage obtained by 
subtracting the constant voltage value Vz of the first varactor diode VD1 from the 
voltage of the triangular wave signal is applied, this differential voltage is also 
applied to the second varactor diode VD2, and the capacitance of the second 
varactor diode VD2 changes in accordance with the change in the differential 
voltage. Since the voltage applied to the second varactor diode VD2 is a voltage 
obtained by subtracting the voltage Vz of the first varactor diode VD1 from the 
voltage of the triangular wave signal, the voltage is small, and the change in the 
capacitance of the second varactor diode VD2 becomes great. Therefore, the 
capacitance of the series circuit IT being constituted of the first varactor diode VD1 
and the second varactor diode VD2, i.e., the combined capacitance of the 
capacitance of the first varactor diode VD1 and the capacitance of the second 

{00781404.1} 

14 



SUBSTITUTE SPECIFICATION 

P/l 071-1618 

varactor diode VD2, is not as great as that according to the first embodiment but 
changes relatively abruptly in accordance with the change in voltage of the 
triangular wave signal. 

[0058] In this way, the change in the frequency of the output signal of this voltage 
controlled oscillator does not become gentle in parts. Thus, a voltage controlled 
oscillator having a sufficient EMI suppression effect in the same manner as in the 
above-described voltage controlled oscillator according to the first embodiment is 
configured. Since the voltage controlled oscillator according to this embodiment has 
fewer components compared with the voltage controlled oscillator according to the 
first embodiment, a voltage controlled oscillator having an EMI suppression effect is 
configured with a simpler and smaller structure. 

[0059] Next, a voltage controlled oscillator according to a third embodiment will be 
described with reference to Figs. 6 and 7. 

[0060] Fig. 6 illustrates an equivalent circuit diagram of the voltage controlled 
oscillator according to this embodiment. 

[0061] The voltage controlled oscillator illustrated in Fig. 6 has the same structure 
as that of the voltage controlled oscillator according to the first embodiment except 
that the ground potential (fixed potential) of the oscillation frequency controller 
circuit 1 of the voltage controlled oscillator according to the first embodiment is 
replaced by a potential generated by a constant voltage source Vcc. 
[0062] More specifically, the anode of the zener diode ZD1 is connected to the node 
of the oscillation frequency controller circuit 1 and the resistor element Rl, whereas 
the cathode of the zener diode ZD1 is connected to the constant voltage source Vcc 
(also functioning as a driving voltage source) via the resistor element R2. 
[0063] The anode of the zener diode ZD1 is connected to the anode of the first 
varactor diode VD1 via the inductor RFC1 . The cathode of the first varactor diode 
VD1 is connected to the anode of the second varactor diode VD2 via the high- 
frequency bypass capacitor C2, whereas the cathode of the second varactor diode 
VD2 is connected to the constant voltage source Vcc. The anode of the first 
varactor diode VD1 is connected to the resonator element XD of the oscillator 
circuit 2 via the capacitor CI . The cathode of the first varactor diode VD1 is 
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connected to the constant voltage source Vcc via the inductor RFC3. The anode of 
the second varactor diode VD2 is connected to the resistor element R2 via the 
inductor RFC2. The connecting terminal of the constant voltage source Vcc is 
grounded via a high-frequency bypass capacitor C23 with respect to high 
frequencies. According to this embodiment, the potential of the constant voltage 
source Vcc is referred to as a "fixed potential" according to this embodiment of the 
present invention. 

[0064] In a voltage controlled oscillator having such a structure, a differential 
voltage of the voltage of the output signal from the triangular wave generator circuit 
3 and the constant voltage source Vcc is applied to the zener diode ZD1 and the first 
and second varactor diodes VD1 and VD2, and each of these components operate by 
this differential voltage. Therefore, the oscillation frequency of the voltage 
controlled oscillator changes in a manner illustrated in Fig. 7(a), which is opposite to 
that illustrated in Fig. 4 according to the first embodiment. 

[0065] Fig. 7(a) illustrates the change over time of the frequency of the output signal 
from the voltage controlled oscillator according to this embodiment, and Fig. 7(b) 
illustrates the change over time of the frequency of the output signal from a known 
voltage controlled oscillator including one varactor diode. 

[0066] More specifically, when a differential voltage based on a voltage from a 
constant voltage source and a voltage of a triangular wave signal is applied to a 
varactor diode, the frequency change near the peaks on the low frequency side is 
gentle for a known voltage controlled oscillator, whereas, for the voltage controlled 
oscillator according to this embodiment, the frequency change near the peaks on the 
low frequency side become abrupt. 

[0067] Accordingly, in the same manner as the above-described embodiments, a 
voltage controlled oscillator having an excellent EMI suppression effect can be 
configured. 

[0068] Next, a voltage controlled oscillator according to a fourth embodiment will 
be described with reference to Fig. 8. 

[0069] Fig. 8 illustrates an equivalent circuit diagram of the voltage controlled 
oscillator according to this embodiment. 
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[0070] In the voltage controlled oscillator according to this embodiment: the first 
varactor diode VD1 and the second varactor diode VD2 are connected in series; a 
high-frequency bypass capacitor is not connected between the first varactor diode 
VD1 and the second varactor diode VD2; and the node is not connected to the 
constant voltage source Vcc via an inductor. The other structure of the voltage 
controlled oscillator according to this embodiment is the same as that of the voltage 
controlled oscillator according to the third embodiment. More specifically, the 
voltage controlled oscillator according to this embodiment (Fig. 8) is the same as the 
voltage controlled oscillator according to the third embodiment (Fig. 6) except that 
the high-frequency bypass capacitor C2 and the inductor RFC3 are omitted. 
Likewise, it corresponds to the voltage controlled oscillator according to the second 
embodiment (Fig. 5) configured on the basis of the voltage controlled oscillator 
according to the first embodiment (Fig. 1). Therefore, the operation of the voltage 
controlled oscillator according to this embodiment can be easily understood by 
referring to the operations of the voltage controlled oscillators according to the 
second and third embodiments. Thus, description of the operation is omitted here. 
However, as a result of employing the structure according to this embodiment, a 
voltage controlled oscillator having a sufficient EMI suppression effect can be 
configured with a simple and small structure. 

[0071] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. Therefore, the present invention is not 
limited by the specific disclosure herein. 
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